The article presents the results of research, the aim of which was to determine the qualitative and quantitative structure of the causes of accidents that were a result of falling from scaffolding. An original methodology for the classification of accidents with regards to their causes was developed and was based on cluster analysis.
INTRODUCTION
The construction industry is one of the most dangerous branches of the economy in the world [1] . This is due to the impact of many factors on occupational safety [2, 3, 4] , including those related to the conditions of implementing construction works, the type of carried out works, the type of used equipment, etc. As can be seen in current research, a significant amount of accidents in the construction industry is related to working at heights, including construction scaffoldings [5] . Work at these workstations carries a high occupational risk. This is influenced by many factors, including technical, organizational and human factors [6] , climatic conditions [7, 8, 9] , as well as others. In order to reduce the number of accidents on construction scaffolding, it is necessary to recognize the phenomenon and, in particular, to identify the main causes that contribute to the accidents.
The aim of the conducted research was to obtain information on the qualitative and quantitative structure of the causes that result in the largest number of occupational accidents involving construction scaffolding. The formulated main objective requires the achievement of intermediate goals, which include the obtaining of information on occupational accidents involving construction scaffolding, and also the classification of accidents to subsets with similar causes. The problem was solved using the data mining method -cluster analysis that is available in Statistica software.
TEST METHODOLOGY
The tests and analyzes were carried out in accordance with the methodology presented in Figure 1 .
Fig. 1. Scheme of research methodology
Every occupational accident is a result of many causes. Information on the causes of accidents can be obtained, among others, from post-accident protocols. In the case of work on scaffolding, the causes of accidents may involve deficiencies and irregularities in the construction of the scaffolding, improper organization of work on the scaffolding, a lack of medical tests that permit work at heights, etc. In Poland, TOL methodology is one of the most widespread methods of classifying the causes of occupational accidents [10] . It assumes that each accident is the result of three types of causes, namely: technical (T), organizational (O) and human (L). Additional significant causes, less significant causes, as well as irrelevant ones can be distinguished in each generic group. In order to identify the significance of causes in each generic group, the authors of publication [11] propose the use of Pareto-Lorenz analysis and ABC classification [12, 13] .
The occurrence of the cause of an accident can be described in the form of binary variable 0-1. The value 1 indicates the occurrence of a given cause, while the value 0 means that the cause did not occur.
The set of all analyzed accidents is characterized by a matrix of causes, which is given by the formula:
where:
-is the accident number ( ),
-is the accident cause number ( ).
The resulting set of causes is the basis for the determination of subsets of accidents, which are caused by a similar set of causes. In order to define such subsets, the use of cluster analysis was proposed [14, 15, 16] . The criterion for assessing the affiliation of an object to a given subset is the measure of similarity. In practical considerations, this is a function of the "improbability" of objects. This means that if the distance between objects and is greater than the distance between objects and , then object is more "unlike" object than it is to object .
Consequently, this leads to the situation where objects and can create a cluster because they are more "similar" to each other. In the case of qualitative data analysis, the authors propose to determine the distance measure using percentage non-compliance [14] . The general formula of the distance calculated using percentage non-compliance takes the following form:
-assessed objects -occupational accidents a and , where , and ,
-values of individual parameters that describe the analyzed accidents and , where ;
; and .
In the analyzed task, objects refer to individual accidents. The method of hierarchical cluster analysis, and also the agglomeration technique of grouping and binding objects using the Ward method [17] , which results in the dendrogram, is proposed in order to determine the number of clusters. Depending on the location of cutting off the branch of the dendrogram, a variable number of clusters is obtained [18, 19, 20] . According to [14] , the cut-off location can be determined using various methods, including the Mojena rule [21] . According to this method, the place of division is the achievement of such a binding distance for which the inequality given by the following formula is fulfilled:
-distance between bonds for subsequent stages: ,
-average value of the distance between bonds,
-a constant value ranging from 2,75 to 3,50.
The next step is to assign the analyzed accidents to individual clusters, i.e. the determination of subsets of accidents that are similar with regards to their causes. For this purpose, the authors propose the use of the k-means grouping method. Analysis of the obtained results will allow the qualitative and quantitative structure of the causes of occupational accidents involving construction scaffolding to be determined.
THE APPLICATION OF THE PROPOSED METHODOLOGY
Occupational accidents, which occurred between 2010 and 2017 in the following voivodships:
Dolnoslaskie, Lubelskie, Lodzkie, Mazowieckie and Wielkopolskie, were subjected to analysis. On its basis, 187 accidents involving construction scaffolding were identified, for which a set of 1, 198 causes was determined. The naming of the detailed causes of accidents included in Table 1 , which was adopted for the purpose of the analysis, is identical to the nomenclature used in statistical accident cards. From the set of identified organizational, human and technical causes, important causes that were most often identified in accidental protocols and selected on the basis of Pareto-Lorenz analysis and ABC classification [12, 13] were selected for further analysis.
The next stage of the research involved the determination of sets of similar accidents. The matrix of causes was built for the set of all accidents. It was the basis for the calculations when using the hierarchical cluster analysis method, as a result of which the dendrogram was obtained. The analysis of the dendrogram, with the assumption of the constant in the applied Mojena method, allowed the expected number of clusters to be determined. Accidents were then grouped into 5 subsets marked as G1 -G5 using the k-means method. The subsets varied with the number and type of causes - Table 1 . This table provides causes that occurred in more than 50% of accidents that were qualified for a given set. The values included in Table 1 describe the participation of a given cause in a subset of accidents, e.g. the G4 subset contains 31 accidents. The dominating causes in this subset are: a lack of or inappropriate collective protection measures and also a lack of supervision. The most numerous set G5 contains 68 accidents. The causes of accidents in this group are characterized by very high dispersion, which makes the indication of the dominant causes difficult. However, it should be noted that the causes that most often result in accidents in this group are: a lack of supervision, a lack of or inappropriate safety devices, as well as the insufficient professional preparation of an employee.
CONCLUSIONS
In the analysis of the accident rate phenomenon, knowledge about the causes that most often lead to accidents is crucial. The article proposes a methodology for the classification of occupational accidents that involve construction scaffolding, which is based on knowledge about the causes that led to their occurrence. Based on the conducted research and analyses, the following conclusions were made:
1. The causes of accidents can be classified into the following generic groups: technical, organizational and human. Every occupational accident is caused by at least several causes that belong to these generic groups. The relevant causes that very often lead to an accident can be identified in each generic group of causes based on the analysis of the causes from a large set of accidents.
2. The built matrix of causes can be the basis for grouping accidents into subsets that involve accidents caused by similar causes. Such grouping can be carried out using the methodology proposed in the article, which is based on cluster analysis.
3. Based on the conducted calculations, 5 subsets containing accidents that are similar with regards to their causes were obtained. The G1 set has 29 accidents. The dominating causes are as follows: a lack of or inappropriate safety devices, a lack of supervision, acceptance by supervisors of deviations from the provisions and principles of occupational health and safety, a lack of using personal protective equipment by an employee, and also the disregarding of risk (bravery, risk). The G2 set consists of 29 accidents. The dominating causes are as follows:
improper spatial structure of scaffolding, improper stability of scaffolding, a lack of or incorrect safety devices, a lack of supervision, permitting a material factor to be used without the required inspections and supervisions, and also acceptance by supervisors of deviations from the provisions and principles of occupational health and safety. The G3 set consists of 30 accidents.
The dominating causes in this set are as follows: a lack of or incorrect training in the field of occupational health and safety, and also allowing an employee to work with medical contraindications or without medical examinations. The G4 set consists of 31 accidents and the dominating causes are as follows: a lack of or inappropriate collective protection measures and also a lack of supervision. The G5 set has 68 accidents. The causes of accidents in this set are characterized by a very large dispersion, which is why the indication of unambiguous causes is difficult. However, it should be noted that the causes that most often cause accidents in this set are: a lack of supervision, a lack of or inappropriate safety devices, and also insufficient professional preparation of an employee. 
PRZYCZYNY TECHNICZNE
Wady konstrukcyjne rusztowania będące źródłem zagrożenia T1.1 0,000 0,034 0,267 0,065 0,015
Niewłaściwa struktura przestrzenna rusztowania T1.2 0,207 0,897 0,167 0,032 0,206
Niewłaściwa stateczność rusztowania T1.4 0,207 0,724 0,033 0,226 0,235
Brak lub niewłaściwe urządzenia zabezpieczające T1.5 0,690 0,793 0,267 0,161 0,353
Brak lub niewłaściwe środki ochrony zbiorowej T1.6 0,069 0,483 0,333 1,000 0,000
Brak lub niewłaściwa sygnalizacja zagrożeń T1.8 0,000 0,034 0,033 0,065 0,059
Zastosowanie materiałów zastępczych T2.1 0,000 0,069 0,067 0,161 0,044
Na podstawie przeprowadzonych badań i analiz sformułowano m. in. następujące wnioski:
1. Na podstawie obliczeń, otrzymano 5 podzbiorów zawierających wypadki podobne pod kątem przyczyn, które je spowodowały. Przykładowo, zbiór G1 liczy 29 wypadków. Dominującymi przyczynami w tym zbiorze są: brak lub niewłaściwe urządzenia zabezpieczające, brak nadzoru, tolerowanie, przez osoby sprawujące nadzór odstępstw od przepisów i zasad bezpieczeństwa i higieny pracy, nieużywanie przez pracownika środków ochrony indywidualnej, lekceważenie zagrożenia (brawura, ryzykanctwo). 
